The Adept Medical STARSystem is a complete, clinically engineered solution for radical access procedures. The STARBoard provides fully articulated support for the patient's arm, with a wrist hyperextension mechanism to provide optimal radial artery access. The wrist can then be placed in a relaxed position at the patient's side for the remainder of the procedure. A relaxed patient can help reduce the risk of spasm which will complicate a procedure, particularly if the patient is stressed. Adjustments can be made at any point during the procedure beneath the sterile drapes. The STARTable not only provides operators with an adjustable work surface for catheters, wires and other equipment, the vertical shield reduces X-Ray scatter for the operator. The STARSupport facilitates left arm access by supporting the arm over the patient's torso allowing the operator to work comfortably from the right side. 
The ideal system for arm immobilisation, protecting the sterile field, with the added benefit of reducing scatter radiation. Particularly useful in the increasing number of procedures performed under conscious sedation where patient restlessness can be an issue. The ArmSure gently secures both arms of a supine patient in a comfortable adducted position with soft, easy to install, adjustable straps.
The unique design allows the straps to be loose while maintaining arm security and patient comfort. The Shield slots into the Arm Support and can be simply adjusted to the optimum position for operator protection from scatter radiation.
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The IR Platform is a stable and secure over-patient work surface for Interventional Radiology, Neuroradiology and Interventional Cardiology. It offers a radiolucent, adjustable height and length appropriate solution for your femoral artery access procedures. It is the ultimate product for catheter / guide wire manipulation offering a large work area for equipment. The IR Platform is ideal for restless patients as it can also be locked, ensuring patient movement will not dislodge the platform.
Introduction
The Pipeline embolization device (PED; Medtronic Neurovascular, Irvine, CA) has proven to be an effective treatment for complex intracranial aneurysms with relatively low postoperative morbidity and mortality. [1] [2] [3] [4] However, spontaneous delayed ipsilateral intraparenchymal hemorrhage (DIPH) unrelated to aneurysm rupture can occur unpredictably and has devastating consequences. [5] [6] [7] [8] The etiology of DIPH is still unknown; several hypotheses have been proposed but none has been demonstrated conclusively. 2, 5, 8 Multiple studies on computational fluid dynamic models have assessed potential pressure changes in the aneurysm sac and in the segment where the flow diverter is deployed, 9, 10 but only a few of them have focused specifically on distal pressure change. 3, 11 Increased distal pulse pressure has been advocated as a possible explanation of delayed intraparenchymal hemorrhage, 6, 12 but model-based analysis proved that etiology unlikely. 11 Distal flow changes caused by PED deployment are still not fully understood and a preliminary study showed that distal vessel blood flow and wall shear stress was higher in patients who developed delayed intraparenchymal bleeding. 13 Here, we assess for the first time distal intracranial hemodynamic changes associated with PED deployment in vivo, by analyzing middle cerebral artery (MCA) and systemic blood pressures before and after PED treatment and the possible correlation with aneurysm size.
Materials and methods

Patient selection
Following institutional review board approval for elective PED treatment procedures, records of patients with cerebral aneurysms proximal to the internal carotid artery terminus treated at our institution between 2015 and 2017 were retrospectively reviewed (n ¼ 45). Patients were included if they had MCA and systemic blood pressures recorded before and after the procedure. A series of 14 consecutive patients met the inclusion criteria for this study.
PED procedure
All patients were started on dual-antiplatelet therapy 10 days before the procedure and sensitivities were confirmed on the morning of the procedure. All patients of our cohort had results within therapeutic range. All procedures were performed under general anesthesia, obtained with a balanced technique of combined administration of intravenous and inhalant anesthetic agents. Systemic blood pressure was measured from the arm cuff and from the arterial access for all patients, with a target systolic pressure between 100 mmHg and 140 mmHg during and after the procedure. Systemic blood pressure was not liberalized prior to measurements recording in order to reduce any confounding effect in the statistical analysis. Heparin bolus (70 UI/kg) was administered at the start of the procedure and reversed with protamine sulfate prior to femoral closure.
MCA blood pressure, systemic blood pressure, and aneurysm size measurements Ipsilateral MCA pressure was transduced in the M1 segment via the Marksman microcatheter (Medtronic Neurovascular, Irvine, CA) immediately before and after PED deployment. The Marksman microcatheter was advanced into the intracranial circulation till the center point of the M1 segment ipsilateral to the aneurysm side and, when placed in the appropriate location, it was connected with the TrueWave TM /Vamp TM pressure transducer (Edwards Lifesciences, Irvine, CA) for MCA pressure values recording.
Systemic blood pressure was also simultaneously recorded via radial arterial line using a separate TrueWave TM /Vamp TM pressure transducer. Both pressure sensors were at the same level with respect to the patient pre-and post-PED.
The largest diameter of the aneurysm dome was considered for size analysis.
Statistical analysis
MCA, systemic blood pressure, and ratio of MCA to systemic blood pressure measurements were compared before and after PED deployment among the entire cohort using the two-sample paired Student t test. Pearson's correlation was used to analyze the relationship between aneurysm size and MCA, ratio of MCA to systemic blood pressure values, and MCA pulse pressure (systolic-diastolic) changes (before vs. after PED deployment). Analyses were performed with Stata (version 12.0, StataCorp, College Station, TX).
Results
Patient and aneurysm characteristics
Fourteen patients (12 female, two male) were included. Mean age was 51 years. Mean size of aneurysm maximum diameter was 8.7 mm.
Study cohort characteristics are summarized in Table 1 .
Pressures before and after PED deployment in the study cohort MCA pressures were not significantly different before vs. after PED. However, ratio of MCA to systemic systolic (0.76 vs. 0.69, p ¼ 0.01) and to systemic mean blood pressure (0.94 vs. 0.89, p ¼ 0.03) both increased significantly after PED, and ratio of MCA to systemic diastolic blood pressure also tended to increase (1.08 vs. 1.03, p ¼ 0.09) (Figure 1) . All results are shown in Tables 2 and 3 . A case example is shown in Figure 2 .
The percentage of ratio increase after PED deployment was not significantly correlated with aneurysm size (r ¼ -0.24, p ¼ 0.42 for ratio of MCA to systemic systolic blood pressure; r ¼ -0.09, p ¼ 0.74 for ratio of MCA to systemic diastolic blood pressure; r ¼ -0.09; p ¼ 0.76 for ratio of MCA to systemic mean blood pressure, respectively). Aneurysm size also did not correlate with MCA pressure changes (systolic r ¼ -0.18, 
Discussion
Pipeline deployment across the aneurysm neck causes a redirection of blood flow from the aneurysm sac to the parent artery, providing a low-flow hemodynamic state that favors its thrombosis over time. 1, 4, 9, 10 Local hemodynamic changes caused by flow diversion have been extensively studied in animal and computational fluid dynamic models, 3, 9 but the effects on distal hemodynamics are not completely understood. 3, 9, 11 Here, we investigate the hemodynamic perspective by directly measuring for the first time systemic blood pressure and MCA pressures before and after PED treatment of ICA aneurysms. We found that the ratio of MCA to systemic systolic and mean blood pressures increased immediately after PED deployment, suggesting possible disruption of cerebral autoregulation. PEDs are relatively rigid devices compared to normal blood vessel walls and the sudden exclusion of the compliant chamber of the aneurysm sac from cerebral circulation could reduce the local compliance and the ''Windkessel effect'' after PED deployment. 6, 12 Several authors have hypothesized that there is an alteration in the blood pressure waveform transmission beyond the reconstructed arterial segment and reduced arterial compliance after exclusion of the aneurysm that may result in DIPH 6, 12, 14 but none of these studies assessed pressures in vivo. Our pressure measurements suggest that PED deployment is associated with hemodynamic changes that are not exclusively explained by increased mechanical rigidity of the vasculature since MCA pressure ratios rather than absolute pressures increased. Additionally, these hemodynamic changes in the cerebral circulation distal to the stented segment are proven to be independent from aneurysm size in our study cohort, suggesting that the distal pressure is not solely determined by amount of blood flow diversion, but other adaptive mechanisms are involved. The small sample of our study does not allow any conclusive assertion about the relationship between aneurysm size and distal blood flow. Our finding, though, further supports the hypothesized insignificance of aneurysm compliance as compared to total distal arterial compliance showed by Mitha et al. 11 in a computational fluid dynamic model. Future studies on a larger scale are warranted.
DIPH is an unpredictable complication of PED treatment and its frequency ranges from 0% to 8.5%. 1, 2, [4] [5] [6] [7] [8] 15 Among all the possible etiologies, 2, 5, 6, 12, 14, [16] [17] [18] [19] hemodynamic changes 12, 14 have been proposed as a possible cause, but no mechanism has been definitively proven.
We proved for the first time hemodynamic changes in vivo caused by flow diversion on distal circulation, which seems not to follow the expected physiologic response to increased proximal blood pressure. Our analysis also suggested that the distal pressure changes in vivo are not significantly affected by reduced aneurysm compliance caused by PED deployment.
Limitations of our study are its retrospective design and small sample size. Additionally, pressure recordings reflected the immediate hemodynamic changes caused by PED deployment, but possible following autoregulation adjustments are unknown. Pressures were also not assessed at higher systolic blood pressures when cerebral autoregulation protective effects are more important. Although no meaningful conclusion may be drawn from our small study cohort, the acknowledgment of possible alteration of the physiologic intracranial autoregulation observed with distal pressure measurements obtained in real time immediately after PED placement warrants further inquiry. This might shed a light on identifying patients at increased risk for DIPH and may suggest the need for additional precautions and therapeutic measures in the postoperative period.
Conclusion
Following PED deployment, the ratio of ipsilateral MCA to systemic systolic and mean blood pressure increased. These pressure changes should be further evaluated in a larger sample size.
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